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(57) ABSTRACT

A reactor unit 1n a system for the production of hydrogen-
rich gas from a liquid raw fuel includes (1) a reaction
chamber for a reaction medium and which contains a
catalyst material; and (2) two tempering chambers separated
from one another. The two tempering chambers are associ-
ated with different areas of the reaction chamber, so that
within the reaction chamber two reaction zones are formed,
which can be held at different temperature levels.

15 Claims, 2 Drawing Sheets
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REACTOR UNIT IN A SYSTEM FOR
PRODUCING HYDROGEN-RICH GAS FROM
A LIQUID RAW FULEL

BACKGROUND AND SUMMARY OF THE
INVENTION

This application claims the priority of German Patent
Application No. 198 33 644.6, filed Jul. 25, 1998, the
disclosure of which 1s expressly incorporated by reference
herein.

The present invention relates to a reactor unit 1n a system
for producing hydrogen-rich gas from a liquid raw fuel.

For the operation of fuel cells with polymer membranes
(called “PEM fuel cells”) for mobile applications, a
hydrogen-rich gas can be produced from a liquid raw fuel,
especially methanol, for example, by the reformation of
steam:

CH,OH+H,0—3H,+CO0.,.

In this process, carbon monoxide 1s also produced as a
byproduct in amounts which damage the PEM fuel cell. The
reformer product gas must therefore be cleaned 1n a gas
cleaning stage. Selective oxidation on a suitable oxidation
catalyst 1s known as a possible approach to a solution. The
oxidation of CO 1s highly exothermic.

In the course of a chemical reaction, it 1s often advanta-
geous to establish a temperature change through the reaction
zone. In the case of the highly exothermic CO oxidation, the
CO content 1s reduced, resulting in lower CO concentra-
tions. Thus, selectivity becomes poorer. It 1s also true that
higher temperatures result in poorer selectivity. By lowering
the temperature level 1n the rear portion of the reaction zone
of a CO oxidator, the selectivity can be substantially
improved. In the case of the endothermic reformation
reaction, a reduction of the 1nitial CO concentration can be
achieved by a low temperature in the rear portion of the
reaction zone of a reformer. The thermodynamic equilibrium
of the exothermic water-gas shift reaction plays a part,
which shifts toward greater CO concentrations at higher
temperatures.

In known reactor systems for water-vapor reformation of
hydrocarbon or CO oxidation, a single reactor 1s used at
uniform temperature, or structurally separate reactor units
are used to achieve the different temperature levels.

In the first case, no optimum adaptation to the reaction
temperature 1s possible. In the second case, the result 1s a

high volume and mass requirement.

In GB 922259, a reactor unit for the reformation of
methanol or for the CO shift reaction 1s described 1n which
the addition of steam for the shift reaction takes place
outside of the actual reaction chamber 1in a plurality of
heating chambers connected to the actual reaction chamber.

When water 1s added, the water 1s brought into direct
contact with the reaction medium 1ssuing from the reaction
chamber, so that steam 1s formed, which 1s absorbed by the
reaction medium. The reaction medium 1s then fed back into
the reaction chamber to an additional catalyst bed. The
addition of the water abruptly chills the reaction medium.
This chilling can be utilized 1n controlling the temperature of
the reaction at the catalyst bed.

A very similar reactor unit for the CO shift reaction 1s
disclosed 1n DE 197 19 997 Al 1n which several chambers
separated from one another in the direction of flow are
present into which water 1s 1njected. The choice of the water
temperature can be used to control the temperature of the
catalytic reaction.
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In EP 0 529 329 A2, a reactor unit for the CO shift
reaction 1s disclosed 1n which waste heat 1s carried away by
means of two tempering media. The reaction chamber for
the shift reaction 1s sandwiched between the chambers
through which the tempering media flow.

It 1s an object of the present invention to create a reactor
in which the reaction temperature can be optimally achieved
for the particular reaction, thereby achieving a low volume
and mass requirement.

This object 1s accomplished with a reactor unit according,
to the present mnvention. According to the present invention,
two tempering chambers separate from one another and
from the reaction chamber are mtegrated mto a reactor unit
of laminate construction, and are associlated with different
arcas of the reaction chamber. Thus, two reaction zones,
which can be held at different temperature levels, are formed
within the reaction chamber.

The two tempering chambers can be constructed both as
energy sinks and as energy sources regardless of the require-
ments of the course of the reaction. As an energy sink, the
tempering chamber can be referred to as a cooling chamber.
As an energy source, the tempering chamber 1s a heating
chamber.

In one embodiment of the present mnvention, one temper-
ing chamber carries a liquid tempering medium and the
other tempering chamber carries a gaseous tempering
medium, so that the two tempering chambers are part of a
cooling or heating circuit.

In an alternative embodiment, a catalyst material can be
present 1n the tempering chambers. By a special chemical
reaction (endothermic or exothermic) on this catalyst, a
specific temperature level can be achieved.

With the reactor unit according to the present invention,
optimization of the reactor temperatures to the course of the
reaction 15 achieved. Also, the magnitudes of different
temperatures 1 the two reaction zones can be varied as
needed.

The integration of two reaction stages, which formerly
were structurally separate, in a single structural unit makes
the reactor more compact. By constructing the reactor unit
in a laminate design, the mass and volume are reduced by
two end plates in comparison to the known, structurally
separate reaction stages. At the same time, the reactor unit
according to the present invention entails a significant cost
reduction compared with the known reactors.

The reactor unit according to the present invention makes
no great demands of the technique of its manufacture and
therefore can be made simply and inexpensively.

The reactor unit according to the present invention can be
used within a system for the production of a hydrogen-rich
gas from a fluid raw fuel, especially for the reformation of
hydrocarbons or water-gas shift reaction, or in the gas
purification stage of the system for selective carbon mon-
oxide oxidation. The reactor unit of the present invention
can be used especially 1n a PEM fuel cell system for mobile
applications.

Other objects, advantages and novel features of the
present invention will become apparent from the following
detailed description of the invention when considered in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a sectional view of a reactor unit according to the
invention showing guidance of the reaction medium;

FIG. 2 1s a sectional view of the reactor unit according to
the present mvention showing guidance of the tempering
media.
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DETAILED DESCRIPTION OF THE DRAWINGS

In FIGS. 1 and 2, an embodiment of the reactor unit of the
present invention 1s represented by way of example. In this

embodiment, two tempering chambers each carry a temper-
ing medium. The guidance of the reaction medium within
the reaction chamber 1s shown 1n FIG. 1. The direction of
flow of the reaction medium 1s indicated by arrows. FIG. 2
shows another section through the same reactor unit wherein
the guidance of the tempering media within the two tem-
pering chambers 1s 1ndicated by arrows. [|The reactor

unit R 1s of laminate construction, wherein a plurality of
plates embossed on one or both sides (not shown as indi-
vidual parts in FIG. 1) are placed one on the other and
provided with gaskets (not shown) to seal the media from
one another and from the exterior. The individual plates can
also be soldered or welded together. The embossing of the
plates forms channels for carrying the reaction medium and
the tempering media. On the walls of the channels carrying
the reaction media, catalyst material 1s provided. The cata-

lyst material may be section-wise, but can also be charged in
the form of bulk material, such as pellets. The individual
plates furthermore have openings for the inlet and outlet of

the media. Such laminate modules are well known, as
described mm DE 196 17 396 Al, for example.

The reactor unit R 1n the embodiment shown comprises
two stages S1 and S2 1n series with one another and thereby
form a compact structural unit. The reaction medium 1s fed
through the inlet A into the first stage S1 and then passes
through the individual catalyst-containing channels 11 of the
reaction chamber. Then the reaction medium 1s carried
through the passage § into the second stage S2 where 1s
passes through the channels 12 of the reaction chamber and
leaves the reactor unit R through the exit E.

The reactor unit R according to the present invention
further comprises two tempering chambers separated from
one another, each carrying a tempering medium. The tem-
pering medium 1n the {irst tempering chamber can be
different from the tempering medium 1n the second temper-
ing chamber. Each tempering chamber 1s associated with a
reactor stage S1 and S2, respectively. As shown in FIG. 2,
the first tempering medium (its direction of flow indicated
by arrows) is fed through the inlet Al into the first stage S1
of the reactor unit; passes through the channels 1 of the first
tempering chamber; and leaves the reactor unit R through
the exit E1. The channels 1 of the first tempering chamber
lie adjacent to the channels 11 of the reaction chamber, so
that good thermal contact between reaction medium and
tempering medium results.

Like the guidance of the first tempering medium, the
second tempering medium 1s introduced through entry A2
into the second stage S2 of the reaction unit R; passes
through the channels 2 of the second tempering chamber;
and leaves the reaction unit through exit E2.

There 1s no connection between the channels 1 for the first
tempering medium and the channels 2 for the second tem-
pering medium. The two tempering media are thus carried
separately from one another within the reactor unit R in
different tempering chambers. The two tempering media can
be carried countercurrently and/or in the same direction.

The result 1s (1) a reaction zone in the first stage S1 of the
reactor unit in which a first temperature level can be estab-
lished by means of the first tempering medium, and (2) a
second reaction zone within the second stage S2 of the
reactor unit, with any desired temperature level different
from the first temperature level.

In embodiments, those fluids already present in the sys-
tem can be advantageously used as tempering media. For 1s
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4

example, 1n the case of a fuel cell system, an o1l circuit 1s
available which 1s used for tempering of the endothermal
methanol reforming reaction, and for the evaporation of
water and methanol. The o1l 1s first heated 1n a catalytic
burner to a temperature T1 and then serves (1) for heating
the reforming reactor (which need not be constructed
according to the present invention), and (2) for the evapo-
ration of the methanol and water, atter which 1t 1s cooled to
a lower temperature T2.

These two temperature levels T1 and T2 of the o1l can be
used for the tempering of a reactor unit according to the
present 1nvention for CO oxidation. After leaving the cata-
lytic burner, the o1l with the temperature T1 1s carried into
the first tempering chamber of the CO oxidation reactor unit.
After that, the o1l 1s carried into the reforming reactor and
then 1nto the evaporator. The o1l 1s then at the temperature
level T2 and 1s carried into the second tempering chamber of
the CO oxidation reactor.

In another embodiment (not shown), the reactor unit
according to the present invention comprises an apparatus
for internal blowing of air, for example, 1nto the reaction
chamber. For example, a feed line carrying the oxidizing gas
can extend directly into the manifold channel 4 for the
removal of the reaction gas within the first reactor stage S1.

The catalyst materials within the reaction chamber can be
the same or different in stage 1 and stage 2, depending on the
reaction.

The foregoing disclosure has been set forth merely to
illustrate the mvention and 1s not intended to be limiting.
Since modifications of the disclosed embodiments 1ncorpo-
rating the spirit and substance of the mvention may occur to
persons skilled 1 the art, the invention should be construed
to 1nclude everything within the scope of the appended
claims and equivalents thereof.

What 1s claimed 1s:

1. A reactor unit in a system for the production of a
hydrogen-rich gas from liquid fuel, comprising:

a reaction chamber comprising a plurality of channels,
cach channel containing a catalyst material, wherein a
reaction medium flows (a) from an inlet of the reaction
chamber through a plurality of channels 1 a first
reaction zone, (b) through a single passage into a
second reaction zone, and (¢) countercurrently through
a plurality of channels in the second reaction zone to an
outlet of the reaction chamber;

a first tempering chamber comprising a plurality of chan-
nels for carrying a tempering medium and which 1s
adjacent to the first reaction zone, wherein the temper-
ing medium flows from an inlet 1n the first tempering,
chamber through the plurality of channels to an outlet
of the first tempering chamber;

a separate second tempering chamber comprising a plu-
rality of channels for carrying a tempering medium and
which 1s adjacent to the second reaction zone, wherein
the tempering medium flows from an inlet 1n the second
tempering chamber through the plurality of channels to
an outlet of the second tempering chamber,

wherein the reaction chamber and the first and second
tempering chambers have a laminate construction, so
that the reaction medium and the tempering media are
separate from each other.
2. A reactor unit according to claim 1, wherein said
reaction zones have different temperature levels.
3. Areactor unit according to claim 1, wherein at least one
tempering chamber forms a section of a tempering-medium
circuit.
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4. Areactor unit according to claim 1, wherein at least one
tempering chamber further comprises a catalyst material that
sets a specific temperature level by catalyzing a chemical
reaction.

5. A reactor umit according to claim 1, wherein the
reaction zones of the reaction chamber comprise different
catalyst materials.

6. A reactor unit according to claim 1, the reaction zones
comprise the same catalyst material.

7. Areactor unit according to claim 1, wherein the catalyst
material 1n the reaction chamber 1s a selective CO oxidation
catalyst.

8. Areactor unit according to claim 1, wherein the catalyst
material 1n the reaction chamber a hydrocarbon reformation
catalyst.

9. Areactor unit according to claim 1, wherein the catalyst
material 1in the reaction chamber 1s a water gas-shift reaction
catalyst.
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10. A reactor unit according to claim 1, further comprising
means for feeding an oxidizing gas into the reaction cham-

ber.

11. A reactor unit according to claim 1, wheremn the
reactor unit 1s configured as a laminate module.

12. A polymer membrane fuel cell system comprising a
reactor unit according to claim 1.

13. A reactor unit according to claim 1, wherein each
tempering chamber carries a different tempering medium
and the different tempering media remain separated from
one another.

14. A reactor unit according to claim 1, wherein one
tempering chamber 1s a cooling chamber and the other
tempering chamber 1s a heating chamber.

15. A reactor unit according to claim 1, wherein one
tempering chamber contains a liquid medium and the other
tempering chamber contains a gaseous medium.
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